Inbred male and female Buffalo strain rats were started at 4,8, 12,24, or 52 weeks of age on 0.06% 3'-methyl-4-dimethylaminoazobenzene in a low-protein, cholinedeficient diet. Eight-week-old males and females were the most susceptible to the development of chronic thyroiditis, but females were more susceptible than the males. Female rats of other ages developed a slightly higher incidence of thyroiditis than the male rats, the difference being most noticeable for rats 12 weeks old.
In an earlier study Buffalo strain rats 12 weeks old fed 3'-methyl-4dirnethylaminoazobenzene (3'-Me-DAB) in the diet developed chronic thyroiditis [21] . The incidence was higher in females than in males. This report describes differences in age, as well as sex, in the thyroiditis induced by 3'-Me-DAB.
Materials and Methods
Inbred Buffalo strain (National Institutes of Health) male and female rats were started on the experiment at 4,8,I2,24, or 52 weeks of age. Groups of 15 or I6 rats of each age and sex were given 0.06% 3'-Me-DAB in a synthetic diet. The carcinogen-containing diet was fed ad libitum for 4-week periods, followed by 1 week on the basal diet, until the carcinogen had been administered for 12 weeks. After this period of feeding, the animals were given Rockland laboratory pellets until the end of the experiment.
The diet was fed in a diet consisting of 18 g vitamin-free casein, 73 g cerelose, 2 g Hubbell-Mendel-Wakeman salt mixture (Nutritional Biochemical Corp., Cleveland, Ohio), 1 g zinc mixture (2.0 mg zinc acetate; 2 ml H,O/g cerelose), 1 g vitamin powder (mg/g in Argo starch; thiamine HCI, 0.40; riboflavin, 0.90; niacin, 40.0; pyridoxine, 0.50; calcium Groups of six rats of both sexes were given the basal diet without the chemical, according to the feeding schedule of the rats given the chemical. They were also given the laboratory pellets after the completion of the administration of the basal diet.
The rats were weighed weekly. Those surviving were killed by exsanguination 24 weeks after the start of the experiment. All animals were necropsied. Thyroid glands were weighed. The tissues were fixed in 4% aqueous formaldehyde. Sections were stained routinely with hematoxylin and eosin (HE). Special stains, when indicated, included periodic acid-Schiff (PAS) for colloid, Masson's trichrome for connective tissue, and Perk' for hemosiderin.
For the purposes of evaluation, the thyroid glands of each rat were classified as having no thyroiditis, mild thyroiditis, moderate thyroiditis, or severe thyroiditis. The thyroiditis had the following characteristics: Mild thyroiditis. The thyroid was slightly enlarged. Lymphocytes and occasional plasma cells were seen focally in the interstitium ( fig. 1) .
Moderate thyroidiris. The thyroid was moderately enlarged. There were large numbers of lymphocytes, plasma cells in various stages of maturation, and macrophages containing Severe thyroiditis. The thyroid was greatly enlarged. Lymphocytes, plasma cells, and macrophages again were in large numbers, but there were more plasma cells than with moderate thyroiditis. Lymphocytes extended into the adjacent adipose tissue in some areas. Hyperplastic columnar cells with acidophilic cytoplasm and oval or round nuclei lined the acini ( fig. 3 ). Scattered epithelial cells had mitotic figures. The epithelial hyperplasia was so marked that the acinar lumina were often small and obscured. Some lumina contained sloughed cells.
Some of the rats given 3'Me-DAB did not have thyroiditis, but had cysts in the thyroid. The cysts were lined by squamous cells, and the lumina contained sloughed degenerating hyperplastic cells.
Animals dying early in the experiment from bronchopneumonia were not included in the results.
Results
The rats 4,8, and 12 weeks old at the start of the experiment lost 12-17 g of weight while on the carcinogenic diet, but regained part of it while on the basal diet. The 24-and 52-week-old rats maintained their weight while eating the carcinogenic diet. Rats of all ages gained weight after discontinuation of the carcinogen-containing diet with the exception of the 52-week-old male rats which lost weight 2 weeks before the end of the experiment.
The 4-week-old males and females survived for 15-20 weeks, with the average being 18 weeks. Other rats, with a few exceptions, survived for the 24 weeks of the experiment. Figure 4 shows the number of experimental rats with thyroiditis. The body and thyroid gland weights are in table I. The control animals did not have lesions of the thyroid gland. Thyroiditis occurred in females 4, 8, and 12 weeks of age at the start of the experiment more often than in males of the same ages. The lesions occurred in females 8 and 12 weeks old at the start more often than in females of other ages. The lesions in 4-and 52-week-old males and females were about the same. Eight-week-old males were more susceptible to the development of thyroiditis than male rats of other ages. The thyroiditis tended to be moderate or severe in female rats, and mild or moderate in male rats. Eight-week-old males had more moderate or severe thyroiditis and in that regard resembled the 8-week-old females.
Only 10 rats with thyroiditis (two 4-week-old males; seven 8-week-old males; one 8-week-old female) did not have carcinomas of the liver. The influence of age and sex on the development of hepatic carcinomas has been described [23] . Some rats fed 3'-Me-DAB also had chronic dacryoadenitis. In unpublished studies, we have found a striking predilection for the disease to develop in older female rats.
Discussion
The sex of Buffalo strain rats is a factor in induced thyroiditis. Females develop thyroiditis more often than males. Age also plays a part in that 8week-old males and females fed 3'-Me-DAB are the most susceptible of the groups.
The function of the thyroid gland is related to age. The rate of thyroid secretion decreases in older animals [ 1 I]. Testosterone in male rats and estrogen in female rats stimulates the thyroid secretion rate [12] . The secretion of these hormones decreases with age [25, 271. There was a direct relationship between thyroiditis and development of hepatic carcinomas in Buffalo rats given 3'-Me-DAB or N-2-fluorenyldiacetamide [21] . Furthermore, there was a relationship between having carcinomas and the sex of the rats. Male rats given 3'-Me-DAB that developed carcinomas (except for some 8-week-old rats) did not have thyroiditis, whereas, the female rats with thyroiditis did not have carcinomas of the liver.
Chemicals (methylcholanthrene, trypan blue, and 7,12-dimethylbenz(a)anthracene) that cause chronic thyroiditis in Buffalo strain rats do not cause carcinomas [6, 7, [14] [15] [16] [17] [18] [19] [20] 221 . Carbon tetrachloride induces hyperplastic and early neoplastic lesions of the liver in Buffalo strain rats [5] . 3'-Me-DAB and N-2-fluorenyldiacetamide readily induce hepatic cell carcinomas in male rats [13, 21, 23] . We have found that trypan blue induces reticulum cell sarcomas in some strains of rats, but these sarcomas have been seen only rarely in Buffalo strain rats.
Factors other than sex and age are important in MCA-induced thyroiditis. Buffalo strain rats is the only strain studied which develops thyroiditis [8] . We have found that Syrian golden hamsters and several strains of mice are not susceptible to MCA-thyroiditis.
Chemically-induced thyroiditis is similar to that produced in animals by immunization with homologous or heterologous thyroid extract or thyroglobulin [3, 10, 261 in that there are circulating antibodies to thyroid antigen [24] . Thyroiditis resulting from immunization is reversible; but that from subcutaneous injection or oral administration of methylcholanthrene is not reversible [7, 221. Sex differences have not been described in auto-immune thyroiditis. Chemically-induced thyroiditis also resembles that developing spontaneously in obese chickens [ 1,281. The cause of chemically-induced thyroiditis is not known. The chemicals influence the function of the liver. It may be significant that methylcholanthrene increases the formation of thyroxine glucuronide by the microsomal fraction of hepatic cells in male and female rats [9] . In addition methylcholanthrene acts as an inducer of microsomal enzymes, increases amino acid incorporating activity, protein synthesis, and total protein in the liver [2,4].
